Abstract-DNA computing is a bio-computing paradigm based on the specific hybridization of DNA strands. Most of DNA computing models and experiments were held in vitro. In this paper, a DNA computing paradigm in vivo is presented. A synthetic gene network is constructed by RNAi and lactose operon in living cell for solving minimum dominating set problem. This model explores further the ability to solve hard problems based on organism processing signal.
INTRODUCTION
Computation is a map or a transform process of symbol strings based on the rules. Symbol is the special physics state. It can be the electronic circuit behaviour based on transistor technology. The machine is successfully realized by digital computer with a vast number of states. If the interaction between the bimolecular can be viewed as a finite number of components and the components can take on a few states. The particular biochemical reaction is biomolecular computing.
In 1994, Adleman was the first to demonstrate by a DNA experiment for solving a small instance of travelling salesman problem that biomolecular computations are feasible [1] .Features such as the massive parallelism are very interesting trom the computational point of view. A number of experiments solving hard computational problems have been presented [2] [3] [4] [5] [6] .
Researchers realized some of the obstacles related to this incipient technology soon thereafter, efficiency and precision of biochemical reaction, and exponential explosion of solution space with respect to problem size. Therefore, progress in biomolecular computing will depend on both novel computing concepts and biological operation technique. The goal of researchers is to fmd biomolecular computing paradigms capable more than Turing machines, or a new application platform.
The architecture of gene regulatory networks is reminiscent of electronic circuits. Increasing knowledge on how cell behaviour is shaped by the complex regulatory transcription networks of different sets of genes, which show response characteristics as electric circuits. Precise and programmed control of gene activity can be accomplished by incorporating synthetic biochemical logic circuits into the cells. Such biochemical circuits perform a variety of simple computational tasks including amplification, integration and information storage [7] .
Bacterial illustrates other common features of biomolecular computing in vivo, such as their ability to integrate multiple inputs. Plasmid is a circular, double-stranded DNA molecular, which contain an origin for replication and allows the production in bacteria. A method of computing using DNA plasm ids is introduced by Head in 2000 [8] . It illustrated by reporting a laboratory computation of an instance of the NP complete algorithmic problem of computing the cardinal number of a maximal independent subset of the vertex set of a graph. Henkel extended plasmid computing with protein expression by the construction of the whole computing region of a plasmid as part of an open reading frame [9] . In 2007, several instances of knapsack problems using plasmids were presented [10] .
Finite state automata operating autonomously at the molecular scale can be sued conceptually for applications in the living cell. Shapiro built a small finite state automaton from DNA strands and enzymes [11] . This approach might be applied in vivo to biochemical sensing, genetic engineering and even medical diagnosis and treatment. The first autonomous fmite state machine working in a living cell was proposed by Sakakibara and Coworkers [12] .
Genetic circuits are collections of basic elements that interact to produce a particular behaviour. By constructing biochemical logic circuits and embedding them in cells, one can extend or modify the behaviour of cells. To date, several small synthetic gene networks have been built that accomplish specific genetic regulatory functions in vivo. The autoregulatory is a repressor regulates its own production to reduce noise in gene expression. Savageau proposed but not demonstrated that the negative feedback loops in gene circuits provide stability [13] . Becskei and Serrano have designed and constructed simple gene circuits consisting of a regulator and transcriptional repressor modules in Escherichia coli and show the gain of stability produced by negative feedback [14] . To test the role of negative feedback in the stability of gene networks, they first designed simple gene circuits based on simple control systems. Gardner presented the construction of a genetic toggle switch, a synthetic, bistable gene-regulatory network, in Escherichia coli and provided a simple theory that predicts the conditions necessary for bistability [15] . The toggle is constructed from any two repressible promoters arranged in a mutually inhibitory network. Elowitz present the design and construction of a synthetic network to implement a particular function, three transcriptional repressor systems that are not part of any natural biological clock to build an oscillating network in Escherichia coli [16] . To overcome the shortcoming and challenge for the design and construction of more sophisticated genetic circuitry in the future. A combined rational and evolutionary design strategy for constructing genetic regulatory circuits proposed [17] . Weiss presented a genetic component library and a gene circuit design methodology for assembling these components into compound circuits [18] .
In 2004, Kramer pioneer a variety of different two-and three-input biologic gates in mammalian cells by combining several compatible heterogonous gene control units responsive to tetracycline, streptogramin, macrolide, and butyrolactoes [19] . In 2007, Weiss and Benenson used RNA interference (RNAi) in human kidney cells to construct a molecular computing core that implements general Boolean logic to make decisions based on endogenous molecular inputs [20] .
Computational gene model, a molecular finite state machine which can be implemented in molecular diagnostic and therapy of disease [21] .
Here we proposed a theoretics model in vivo for minimum dominating set problem. In the model, a synthetically gene network constituting a lactose operon and RNAi was constructed in living cell. The problem was solved by gene regulation in transcription and translation process. The inputs were RNA double strands and target DNA molecules, target DNA encoded the information, i.e. the logic values of the vertex of a graph. The computation is realized by vector construction, cell culture and transfection, and detection. The outputs were fluorescence protein.
II. MATERIALS AND METHODS
Let Given a simple undirected graphG = (V(G),E(G)) , having vertex set V(G) and edge set E(G) , provides an instance of the fundamental algorithmic problem, known as the minimal dominating set problem [22] . A subset DC;;; ; V(G) of G is said to be dominating if, for each vertex in D, from which all other vertices can be reached by an edge. The MDS problem associated with G requires the calculation of the minimal cardinal number that occurs as the cardinality of an dominating subset of V (G) . The calculation of this cardinal number is known to be NP-complete [22] . Other instances of NP-complete problems have been used to test DNA computing approaches.
We build a synthetic gene network that mainly comprises RNA interference and Lac operon. A biomolecular computing model in vivo is given for the MDS problem associated with the graph G = (V(G),E(G)) having as its vertex set V = {vi' v2' v3, v4, v S ' v6 } and having as its set E(G) of edges the set of nine unordered pairs. The graph used is shown in figure 1. To construct the molecular model, we build a biological circuit that comprises several mRNA species that encode the same protein LacT repressor, but have different noncoding regions. If at least one mRNA species is translated, the output dsReg gene expression will be repressed, the resulting output will represent a logic False value, implementing an AND operation. The levels of mRNA species and the output are determined by the presence or absence of the siRNA molecular inputs. Different sets of siRNA targets are fused into the 3 I untranslated regions (UTR) of the mRNAs, rendering them susceptible to either of these siRNAs. And selective inhibitory links between inputs and these siRNAs are established. The design of the model is shown in figure 2 . The computing model for the MDS problem can be divided into three parts based on the function.
(1) Input module It comprises several siRNA species according to vertexes of G . The molecule set could be a MDS solution. The absence or presence of siRNA-vi molecules represent that the vertex vi will be pertained to the possible minimal dominating set (IN) or be excluded from the feasible solution (OUT).
(2) Computing module This module comprises mainly six species of DNA operation molecule I, six species of mRNA operation molecule transcribed by corresponding DNA molecule and a DNA operation molecule II.
The DNA operation molecule T is a designed vector, which comprises the Lad repressor driven by the cytomegalovirus (CMV) promoter (Fig. 2) to evaluate a logic OR operation. The sets of siRNA target, DNA fragments will be fused to the 3 I -UTR of the LacT gene, which encoded the corresponding mRNA operation molecule. According to the problem, The form and number of Target i ( Target T, i=I,2,.··,6, dashed box in fig. 2 ) in DNA operation molecule I is difference.
The mRNA operation molecule is transcribed from the DNA operation molecule T and will be interfered by the siRNA molecules. The mRNA operation molecule-A (Fig. 2) is transcribed trom the DNA operation molecule that includes a set of siRNA target (Target 1, Target The three modules form the DNA computing model in vivo for minimum dominating set problem. It is a synthetic gene network comprising a Lac operon, RNAi, and other transcription factor in cell.
TIT. MATERIALS
(1) Sequence encoding and synthesis We chose derivatives of known siRNAs for the current implementation, and constructed six siRNA target pairs based 330 on published sequences trom nonmamalian genes to represent up to six inputs. siRNA-vI, siRNA-v4, siRNA-v5 come from firefly luciferases, siRNA-v2, siRNA-v3 come from renilla reniformis, and siRNA-v6 comes from enhanced green fluorescent protein (eGFP). And they have been modified by sliding them along their parental genes to afford at least a pair of AIU base on the 5 I -end of the molecule and a pair of C/G bases on the 3 I -end to ensure asymmetry in RNA-induced silencing complex assembly.
Six species DNA Targets and siRNAs will be employed in the model. Multi-siRNA systems may exhibit undesired crosstalk between individual molecules. Keller measured this crosstalk, which can be negligible for the set of siRNAs, except for a possible minor reduction [20] . The mRNA transcribed trom antisence of DNA Target 1 (italic) is complementary to the antisence of siRNA-v 1. The siRNAs can be annealed from gel-purified oligomers provided by the manufactures.
(2) Recombinant DNA constructs Single and multiple-target clause molecules used in the model can be derived from the pZsYellow-CI vector digested with BamHI and Xhol and purified from agarose gel. The deoxyribonucleotide that comprises the DNA inserts into 3'UTR of Zs Yellow gene were designed with a stop codon 10 bp upstream of the siRNA target sites and ready-to-ligate sticky ends. They can be obtained either gel purified and phosphorylated.
DNA operation molecule T derived trom LacT, CMV-LacT Targetl-Target2-Target3 -T arget4 can be constructed by replacing the ZsYellow gene with Lad gene in the pZsYellow vetor, which comprises the DNA Target l-Target2-Target3-T arget4 inserts into 3'UTR. The gene encoding Lad can be amplified from the pCMV-Lad plasmid with engineered BgUi and Nhel restriction sites. The PCR product can be digested with Bglll and Nhel enzymes and subcloned into the backbone vector after the Zsyellow gene was excise with Bglll and Nhel enzymes. Six species of DNA operation molecule in Fig. 2 are given as follows. They can be constructed in the same standard sub cloning protocol and transcribed into mRNA operation molecule-A, B, C, D, E, F.
(1) Cell culture, transfection, measurement and data analysis Serum-free media adapted 293-H cells were used in the model. The cells were grown at 3TC, 100% humidity and 5% C02. For transfection, about 100 thousand cells in medium should be plated into well of uncoated glass-bottom or plastic plates and grown for about 24 hours. Transfection mixtures can be prepared by mixing all nucleic acids, including the plasm ids and the siRNAs and applied to the wells and mixed with the medium by shaking. The cells were incubated for up to 48 hours before the fluorescent-activated cell sorting (F ACS) analysis. All microscope images will be taken from live cells grown in glass-bottom wells in the transfection medium.
TV. CONCLUSIONS
We have reported in this paper a theory biomolecular computing model for minimum dominating set problem that can be carried out using the Lac operon and RNAi in cell. Some routine biological operation, such as nucleic acid synthesis, recombinant DNA constructs, Cell culture and transfection will be used. The gene network is the major information processing components of all cell life. A synthetic gene network can be an interesting molecular computer to perform a variety of tasks in cell. The results reported here have encouraged us to continue the development and exploration of these and further techniques for computing in the cell.
